Abstract Effects of various sweeteners (sucrose, maltose syrup and honey) on individual anthocyanins, colour and turbidity in sour cherry (SCN) and strawberry nectars (SN) were investigated during 168 and 42 days of storage at 20°C, respectively. In SCN, major anthocyanin was cyanidin-3-glucosylrutinoside (cyd-3-glu-rut), followed by cyanidin-3-rutinoside (cyd-3-rut), cyanidin-3-glucoside (cyd-3-glu) and cyanidin-3-sophoroside (cyd-3-soph). Maltose syrup increased stabilities of cyd-3-glu-rut (8%) and cyd-3-rut (4%), while honey reduced stabilities of all anthocyanins in SCN. Due to higher anthocyanin stability, maltose syrup for SCN was recommended. In SN, the major anthocyanin was pelargonidin-3-glucoside (pg-3-glu), followed by pelargonidin-3-rutinoside (pg-3-rut) and cyd-3-glu. Stabilities of anthocyanins (46-51%) and colour density (6-7%) in SN sweetened with honey were higher than that sweetened with sucrose and maltose syrup. Considering maximum wavelength (k max ), absorbance value at k max (A max ), polymeric colour and colour density values together, copigmentation of anthocyanins occurred in SN sweetened with honey. This study is the first study showing copigmentation of anthocyanins with honey.
Introduction
Nectars are produced from the unfermented but fermentable fruit purée, concentrated fruit purée and fruit concentrate by water addition with or without sugars, honey and/or syrups (Codex Alimentarius Commission 2005) . In the world, the most common fruits used in nectar production are the apricots and peaches (Shahidi and Alasalvar 2016) . However, SCN and SN, rich in anthocyanins, are also highly preferred nectars by consumers (Shahidi and Alasalvar 2016) . Since the percentage of fruit ingredient in nectars is much lower (60-75%) than those of fruit juices, the amount of anthocyanins in nectars are also much lower than that in juices (Codex Alimentarius Commission 2005) . Therefore, the degradation of the anthocyanins even in low quantities can cause the deterioration in nectars' colour at significant level.
The main factors for anthocyanin degradation in fruit nectars are sugars and high storage temperatures (Tsai et al. 2004) . In markets, fruit nectars are sold in the supermarkets mostly at room temperature (* 20°C) which can increase the degradation rate of anthocyanins (Iversen 1999) . Thus, to minimize the colour deterioration in nectars due to anthocyanin degradation at room temperature, the type of sugar added to nectars should be carefully selected. Previous studies showed that sugars (sucrose, fructose, glucose and honey) had significant effects on the stabilities of anthocyanins in strawberries (Wrolstad et al. 1990 ), blood orange juice (Cao et al. 2009) or anthocyanin model systems (Tsai et al. 2004) . However, to date, the effect of sugars on anthocyanins in SCN and SN during storage at 20°C has not been investigated.
As compared with fruit juices, nectars have higher water contents (Codex Alimentarius Commission 2005) despite lower anthocyanin contents. And, the effects of sugars on anthocyanin stability depended on the content and availability of water in media, and the concentration and type of sugar (Tsai et al. 2004) . While the increase in water availability led to the increase in anthocyanin degradation due to the nucleophilic attack of water, the increase in sugar (sucrose) content led to the decrease in anthocyanin degradation (Tsai et al. 2004) due to the reduction in water availability. Thus, the anthocyanins in the nectars are more likely to be exposed to water attack which converts the red flavylium ion into its colourless hemiacetal form. As a result, the colours of nectars more easily deteriorate than the colours of fruit juices.
Since sweeteners could show different effect on different types of anthocyanins, SCN (cyanidin-based anthocyanins) and SN (pelargonidin-based anthocyanins) containing different types of anthocyanins were selected in the present study. In the present study, the effects of sucrose, maltose syrup and honey on individual anthocyanins, colour density, polymeric colour, hyperchromic effect and bathochromic shift in SCN and SN were investigated during storage for the first time. Moreover, this study is the first study showing the copigmentation effect (which leads to increase in the stabilities of anthocyanins and colour density) of honey on anthocyanins.
Materials and methods

Chemical and reagents
Standards of anthocyanins were purchased from Sigma (St. Louis, MO, USA). All reagents used for liquid chromatography were HPLC grade and purchased from Merck (Darmstadt, Germany). All other reagents were analytical grade and obtained from Merck.
Sour cherry nectar (SCN)
SCN was prepared from the concentrate (65°Bx) which was produced from Kütahya variety of sour cherries (Prunus cerasus L.) by Döhler Co. (Karaman, Turkey). The concentrate was stored at -18°C for 2 months prior to nectar preparation. SCN was prepared in accordance with General Standards for Fruit Juices and Nectars (Codex Alimentarius Commission 2005) . In SCN, soluble solid content was 14°Bx and fruit (juice) content was 35% (%, v:v) .
Strawberry nectar (SN)
SN was also produced from the concentrate (65°Bx) which was produced from Camarosa variety of strawberry (Fragaria 9 ananassa) by the same company (Döhler Co.). SN was also prepared in accordance with General Standards for Fruit Juices and Nectars (Codex Alimentarius Commission 2005) . In SN, soluble solid content was 7.5°Bx and fruit (juice) content was 40% (%, v:v) .
Addition of sweeteners
In both nectars, sucrose, maltose syrup and honey were used as the sweeteners which were added to the nectars at the maximum concentration allowed by the Standard (Turkish Food Codex 2014). Sucrose, maltose syrup and honey were added at 20% by weight of the nectars (2 L). Since sucrose is the most preferred sweetener in the nectar production, nectars sweetened with sucrose was evaluated as ''control group.'' Storage SCN samples were stored at 20 ± 0.5°C (Sanyo MIR 153 and 253, Gunma, Japan) for 168 days. Due to lower anthocyanin stability of SN, the SN samples were stored at the same temperature for 42 days.
pH and titratable acidity
Titration acidity was potentiometrically determined by the method proposed by IFU (1968) . For this purpose, fruit nectar samples were titrated with 0.1 N adjusted NaOH solution until pH reaching to 8.1. Titration acidity of fruit nectars was calculated as ''g/100 mL'' in anhydrous citric acid.
Turbidity
Turbidity of the samples was determined by a turbidimeter (HACH 2100N, Loveland, CO, USA).
Anthocyanin profile
Purification
Anthocyanins in nectars were purified on a C 18 cartridge (Waters Co., Milford, MA, USA) following the method described by Lee and Wrolstad (2004) . All details of the purification were given in our previous study (Navruz et al. 2016) .
Identification of anthocyanins
Anthocyanins in SCN were identified by LC-MS-MS (Thermo Scientific UltiMate 3000 Dionex, Sunnyvale, CA, USA) equipped with an ESI source. Mass/charge (m/z) ratios revealed by Bonerz et al. (2007) were used to identify the anthocyanins in the samples. Mass spectrometric analysis of the anthocyanins yielded molecular ions M ? at m/z 595 (cyd-3-rut), 611 (cyd-3-soph) and 757 (cyd-3-glurut). Anthocyanins were separated with an Inertsil ODS-4 reverse-phase column (2.1 mm 9 50 mm, 2 lm) (GL Sciences, Inc., Tokyo, Japan) at 30°C with a flow rate of 0.3 mL/min. The mobile phase consisted of 1% formic acid in water (eluent A, v/v) and 1% formic acid in methanol (eluent B, v/v) . The other details of the analysis were given in our previous study (Navruz et al. 2016) .
Anthocyanins in SN were identified by HPLC (Agilent 1200 series, Waldbronn, Germany) equipped with a photodiode array (PDA) detector, a binary pump, a degasser, a thermostatted autosampler and column compartment. The anthocyanins were separated on a C 18 column (250 9 4.6 mm) (Phenomenex, Inc., Los Angeles, CA, USA) with a C 18 (5 lm) guard column (4 9 3 mm, 5 lm) (Phenomenex, Inc.). The eluents used were (A) 100% acetonitrile and (B) O-phosphoric acid, acetic acid, acetonitrile and water (1:10:5:84; v/v/v/v) with a flow rate of 1 mL/min. The other details of the analysis were given in our previous study (Turfan et al. 2011) . Identification of anthocyanins in SNs was carried out by comparing retention times and absorption spectra of unknown peaks, and spiking of external reference standards.
Changes in the contents of individual anthocyanins in SCN and SN during storage were determined by the HPLC method detailed above. Quantification of anthocyanins in SN was carried out using calibration curves of the following external reference standards: cyd-3-glu (0-30 mg/ kg, y = 8.3723x 
Limit of detection (LOD) and quantification (LOQ)
The limit of detection (LOD) and limit of quantification (LOQ) for anthocyanins were determined based on signal to noise (S/N) ratio. According to ICH guideline for the validation of analytical procedures, an acceptable S/N is 3:1 (or 2:1) for estimating the LOD and 10:1 for estimating the LOQ (Li et al. 2002) .
Polymeric colour and colourimetric measurement
Bisulfite bleaching method was used to determine the percent polymeric colour and colour density (Giusti and Wrolstad 2005) . Bathochromic effect, i.e., a shift in maximum wavelength (k max , nm), and hyperchromic effect, i.e., an increase in the absorbance value at k max , were determined on a UV-VIS double-beam spectrophotometer (ThermoScientific Evolution 201, Cambridge, England) with 1 cm path length disposable cuvettes (Brand Gmbh, Wertheim, Germany). Bathochromic and hyperchromic effects were evaluated as the indicators of copigmentation (Navruz et al. 2016) .
All measurements were replicated two times.
Calculation of kinetic data
The reaction rate constants (k) and the half-life periods (t 1/2 ) were calculated using the following equations:
where C o is the initial content of anthocyanins or initial values of colour properties (polymeric colour, colour density, A max and k max ) in samples, C t is anthocyanin content and colour properties after t min exposure of the samples to 20°C (T).
Statistical analyses
Minitab statistical software [version 14 (Minitab Inc., State College, PA, USA)] was used for data analysis. Type of anthocyanins, colour properties and storage time were the main variables considered. Statistical differences among means were determined by the Duncan's multiple range test at the 1 and 5% significance level.
Results and discussion
Titratable acidity and pH values of SCN and SN
Titratable acidity and pH of SCN sweetened with sucrose were 0.69 g/100 mL and 3.21, respectively (Table 1) . While sweeteners and storage did not have significant effect on the pH (3.21-3.25) of SCNs and titratable acidities (0.32-0.39 g/100 mL) of SNs (p [ 0.01), sweeteners and storage led to the changes in the pH (3.37-3.57) of SNs and titratable acidities (0.67-0.74 g/100 mL) of SCNs (p \ 0.01).
Characterization of anthocyanins in SCN and SN and stabilities of anthocyanins during storage
The anthocyanin profiles of SCN and SN sweetened with sucrose before storage are presented in Fig. 1A , B. Major anthocyanin in SCN was identified as cyd-3-glu-rut (58.7%), followed by cyd-3-rut (16.3%), cyd-3-glu (4.7%) and cyd-3-soph (3.4%). Similar anthocyanin profile was also reported in sour cherry juice (Bonerz et al. 2007; Obon et al. 2011 ) and sour cherry concentrate (Navruz et al. 2016) . Different from SCN, three anthocyanins were identified in SN as pg-3-glu (49.1%), pg-3-rut (14.0%) and cyd-3-glu (3.0%). The same anthocyanins were identified in strawberries (Oszmiański and Wojdyło 2009 ). The total monomeric anthocyanin contents of SCN and SN sweetened with sucrose were 140.3 mg cyd-3-glu/L and 41.8 mg pg-3-glu/L (Fig. 2A) . The changes in total monomeric anthocyanins of these nectars stored at 20°C were given in Fig. 2A . The degradation of anthocyanins in these nectars during storage was fitted to first-order reaction model (R 2 = 0.9746-9999; figure not shown). The calculated k and t 1/2 values were given in Table 2 . The t 1/2 values of the SCNs were higher (1.7-4.2 times) than those of SNs. As explained before, the major anthocyanidin in anthocyanins of SCN is cyanidin, while that in SN is pelargonidin. Thus, higher anthocyanin stability in SCN was due to higher stability of cyanidin than that of pelargonidin at pH 3.0-3.5 (Cabrita et al. 2000) .
In SCN sweetened with sucrose, cyd-3-soph and cyd-3-glu had the highest stability during storage (Fig. 1C) . However, since sophoroside is a disaccharide formed from two glucose units, cyd-3-soph showed higher stability than cyd-3-glu. Similar to the effect of the number of sugar residues on anthocyanin stability in SCN, increase in the number of sugar residues also led to the increase in anthocyanin stability in SN. When this nectar was sweetened with sucrose, pg-3-rut and pg-3-glu showed the highest stability. As known, rutinose is a disaccharide formed from glucose and rhamnose. Thus, the presence of rhamnose as well as glucose in pelargonidin based anthocyanins increased the stability of anthocyanins during storage at 20°C.
When SCN was sweetened with maltose syrup, the stabilities of cyd-3-glu-rut (8%) and cyd-3-rut (4%) increased, while the stability of cyd-3-glu (11%) decreased (Fig. 1C) . Moreover, the use of maltose syrup as a sweetener led to increase (13%) in the stability of total monomeric anthocyanins (Table 2) . These results clearly indicated that maltose syrup led to increase in the stability of cyanidin based anthocyanins containing rutinoside as a sugar residue during storage at 20°C. Unlike the stabilizing effect of rutinoside on cyanidin based anthocyanins in SCN, the highest reduction in the stability of pelargonidin based anthocyanins in SN was determined in pg-3-rut (7%) (Fig. 1D) . Thus, maltose syrup may be preferred for high anthocyanin stability in the presence of the anthocyanins containing cyanidin and rutinoside. On the contrary, maltose syrup should be avoided in the presence of the anthocyanins containing pelargonidin. Maltose syrup led to slight (3%) reduction in the anthocyanin stability of SN when compared with that of the sample sweetened with sucrose. Similarly, in a previous study (Torreggiani et al. 1999) , anthocyanin content of ''glucose, fructose and sucrose-containing strawberry juice'' was only 4% higher than that of ''maltose-containing strawberry juice'' stored at -10°C for 8 months.
Studies indicated that maltose and sucrose had protective effect on anthocyanins (Lewis et al. 1995; Tsai et al. 2004 ). However, the results of the present study showed that the level of their protective effect depended on the individual anthocyanins, media (nectar type) and storage time. While anthocyanin stability in SCN sweetened with maltose syrup was higher than that in the same nectar sweetened with sucrose, the stability was higher when SN was sweetened with sucrose as compared to the same nectar sweetened with maltose syrup. The differences among anthocyanin stabilities of these nectars could have resulted from sucrose degradation products, especially fructose. Dawber et al. (1966) showed that acid-catalyzed hydrolysis of sucrose at 20°C is a unimolecular process which consists of two steps. Sucrose degradation products slowly form in the second step. Thus, the increase in storage time at 20°C probably led to the increase in the contents of sucrose degradation products and as a result of this increase, anthocyanin stabilities in the nectars, whose pH values ranged from 3.37 to 3.54, decreased. Due to lower anthocyanin stability of strawberries (t 1/2 values ranged from 25.3 to 38.1 days, Table 2), the SN could be stored at 20°C for only 42 days. However, SCN (t 1/2 values ranged from 103.8 to 130.8 days, Table 2 ) could be stored at the same temperature for as long as 168 days. Thus, due to longer storage time, the contents of sucrose degradation products (glucose and fructose) in SCN might be higher than those in SN. Since fructose had much more degradation effect on anthocyanins as compared to glucose (Kopjar and Piližota 2011) , anthocyanin stability in SCN sweetened with sucrose could be lower than that sweetened with maltose syrup despite the opposite effects of these sweeteners on anthocyanin stability in SN. In fact, that the anthocyanin stabilities in SCN and SN after storage at 20°C for 42 days was the same also confirmed this finding (data not shown).
Honey had also significant effect on anthocyanins of both nectars. Among the sweeteners used, the highest anthocyanin stability was observed in SN sweetened with honey, although honey cause a decrease (10%) in the anthocyanin stability of SCN when compared with the anthocyanin stabilities in the nectars sweetened with sucrose (Table 2) . Total monomeric anthocyanin stability in SN sweetened with honey was 46% higher than that sweetened with sucrose. At the end of 42 days of storage at 20°C, honey led to the highest contents and stabilities of individual anthocyanins in SN (Table 2) . While the use of sucrose (89%) and maltose syrup (90%) decreased the content of cyd-3-glu in SN, honey protected this anthocyanin during storage and no significant change (4%) was detected in this anthocyanin content at the end of storage period (Fig. 1D) . Moreover, honey led to the increase (7%) in the stability of pg-3-glu which is the major anthocyanin of SN (Fig. 1D ). This may be due to copigmentation effects of phenolics [caffeic acid, benzoic acid, gallic acid, chlorogenic acid, trans-cinnamic acid, kaempferol and catechin (Moniruzzaman et al. 2014) ], amino acids [proline, phenylalanine, tyrosine, lysine, arginine, glutamic acid, histidine and valine (Hermosín et al. 2003) ] and/or organic acids [malic, maleic, citric, succinic and fumaric acids (Suarez-Luque et al. 2002) ] in honey on cyd-3-glu and pg-3-glu in SN. In fact, previous studies (Eiro and Heinonen 2002; Sun et al. 2010 ) indicated that gallic acid, caffeic acid and chlorogenic acid, which are also present in honey, had copigmentation effects on pg-3-glu and cyd-3-glu. Moreover, changes in A max and k max values of SN during storage also confirmed the copigmentation effect of honey on anthocyanins in SN (Table 2 and Fig. 2B, C) . The changes in these values were explained in ''Effect of sweeteners on enhancement of colour'' section in detail. Different from the copigmentation effect of honey on anthocyanins in SN, honey did not show copigmentation effect on anthocyanins in SCN. All individual anthocyanins in SCN sweetened with honey showed the lowest stabilities (Table 2) . Honey increased the degradation rate of anthocyanins (10-21%) in SCN. As known, copigmentation effect of a copigment depended on many factors such as anthocyanin type, ratio of anthocyanin to copigment, pH and media. The results of the present study showed that the contents and type of anthocyanins in SCN were not suitable for copigmentation with the copigments present in honey. Degradation effect of honey on anthocyanins in SCN could be attributed to: 1) degradation effect of fructose in honey on anthocyanins, 2) HMF formation especially from hexoses in honey. Honey contains fructose (38.2%), glucose (31.3%), maltose (7.3%) and sucrose (1.3%) (Manyi-Loh et al. 2011) . As the storage time at 20°C increased, HMF contents of honey also increased (Bulut and Kılıç 2009) . Since HMF accelerates the degradation rate of anthocyanins (Boranbayeva et al. 2014) , anthocyanin stability in SCN sweetened with honey could be the lowest during storage at 20°C. Moreover, the results of the present study showed that copigmentation could have protected the anthocyanins in SN from the degradation effect of HMF, resulting from storage, as well as high fructose content of honey.
Effect of sweeteners on enhancement of colour
Changes in k max (bathochromic shift) and the absorbance value at the k max (A max , hyperchromic effect) of SCN and SN sweetened with sucrose, maltose syrup and honey were investigated during storage at 20°C (Fig. 2B-C) . Sweeteners showed significant effect on A max values of both nectars (p \ 0.05). Before storage, the highest A max values were found in SCN (1.023 ABS) and SN (0.986 ABS) sweetened with sucrose and maltose syrup, respectively. Storage led to the reduction in A max value, regardless of the sweeteners used. During storage, the effect of sweeteners on anthocyanins showed differences. The lowest k value (1.6 9 10 -3 1/day) for the reduction in A max value during storage was found in SCN sweetened with maltose syrup. Reduction effect of sucrose on A max value of SCN accelerated after 140 days of storage. The highest A max value was found in SCN sweetened with maltose syrup, followed by sucrose and honey (data not shown) after 140 days of storage at 20°C.
Unlike SCN, although the lowest A max values were determined in the SN sweetened with honey until 7th day of storage at 20°C, the highest A max values in the same sample was determined after 21th day of storage at the same temperature. Thus, copigmentation effect of copigments in honey on anthocyanins of SN appeared at a significant level after 21th day of storage and the effects continued until the end of 42 days of storage. When storage ended, A max value (0.574) of SN sweetened with honey was 8.5 and 5.7% higher than those of SNs sweetened with sucrose (0.529) and maltose syrup (0.543), respectively (Fig. 2B) . In fact, t 1/2 value (133 days) for A max values of SN sweetened with honey was also higher than those sweetened with sucrose (23%) and maltose syrup (18%) ( Table 2) .
When the changes in k max values of the samples were investigated (Fig. 2C) , sucrose, maltose syrup and honey did not show significant effect on the k max values of SCNs during storage. However, in SNs, the sweeteners caused the significant changes in k max values. During storage, honey provided the highest k max values. At the end of 42 days of storage, k max value (493.9 nm) of SN sweetened with honey was 10.1 nm and 7.8 nm higher than those sweetened with sucrose and maltose syrup, respectively. Moreover, the highest and lowest stabilities for k max values were determined in SN sweetened with honey (t 1/2 = 6931 days, Table 2 ) and sucrose (t 1/2 = 2310 days, Table 2 ), respectively. Thus, when the changes in A max and k max values are considered together, the results clearly indicated that while copigments in honey showed copigmentation effect on the anthocyanins in SN, no copigmentation effect was detected by the sweeteners used on the anthocyanins in SCN.
Effects of sweeteners on colour density and polymeric colour
Sweeteners also showed significant effect on the colour density and polymeric colour of SCN (p \ 0.05). Before and after storage, the highest colour density and polymeric colour values were achieved in SCN sweetened with sucrose, while the lowest values were found in SCN sweetened with honey ( Fig. 2D, E) . During storage, colour density values of all samples decreased gradually. The reduction in colour density was fitted to first-order reaction kinetics. Sucrose (75%) and maltose syrup (56%) led to higher stability for colour density in SCN than honey. These results clearly showed that honey should not be preferred as a sweetener during the production of SCN to minimize the reduction in colour density. Moreover, polymeric colour formation rate (4.6 9 10 -3 1/day, Table 2 ) in SCN sweetened with honey was found higher (4%) than that with maltose syrup, although the highest polymeric colour formation rate (4.8 9 10 -3 1/day, Table 2 ) was found in the SCN sweetened with sucrose. As known, the increases in polymeric colour values of the samples could result from anthocyanin polymerization, copigmentation or anthocyanin degradation (Kopjar and Piližota 2011) .
To explain the reason for the increases in the polymeric colour values, the relationships between polymeric colour and A max , and monomeric anthocyanin contents were investigated. Strong negative correlations between polymeric colour and A max (r = -0.978 -(-) 0.987), and monomeric anthocyanin contents (r = -0.975 -(-)0.981) were found. Moreover, no significant changes were detected in k max values of SCN during storage. When these results were evaluated together, the reason for polymeric colour formation in SCN could have been attributed to anthocyanin degradation, regardless of the sweeteners used.
In SN, honey resulted in the lowest polymeric colour and colour density values before storage (Fig. 2D) . During storage, the slowest polymeric colour formation and the highest stability for colour density were achieved in the SN sweetened with honey ( Table 2 ). The stability of colour density in SN sweetened with honey was 7% higher than SN sweetened with sucrose. Although no correlations were detected between colour density and k max values of the SNs sweetened with sucrose and maltose syrup, good positive correlation (r = 0.740) was found between these values of the SN sweetened with honey. However, in all SNs, strong negative correlations (r = -0.882 -(-)0.906) were detected between the percentage of polymeric colour and k max values. The high correlation coefficients indicated that changes in k max values and polymeric colour values of the SN sweetened with sucrose and maltose syrup could have resulted from anthocyanin degradation. However, the changes in k max values and polymeric colour values of the SN samples sweetened with honey led to the increase in colour density and thus the changes in k max and polymeric colour values should have resulted from copigmentation.
Effects of sweeteners on turbidity during storage
The effects of sweeteners on the turbidity of the nectars were also investigated (Table 1) . When sucrose was used as a sweetener, the turbidity of SCN was 2.95 NTU. However, this value was 27.60 NTU in SN. The turbidity of all SNs were higher than those in SCNs. In both nectars, maltose syrup led to the lowest (1.10-18 NTU) turbidity values, while honey led to the highest (79.35-158 NTU) turbidity values.
During storage, the turbidity values of all nectar samples increased. The increase in turbidity during storage at 20°C was fitted to a first-order reaction model. The highest k values (6.68 9 10 -3 1/day for SCN; 22.8 9 10 -3 1/day for SN) for turbidity formation were determined in the nectars sweetened with maltose syrup (Table 2 ). The use of honey as a sweetener resulted in the reduction in k values for turbidity formation. The lowest k values for turbidity formation were found in the SN sweetened with honey (3.91 9 10 -3 1/day for SCN; 12.4 9 10 -3 1/day for SN).
Conclusion
Sucrose, maltose syrup and honey significantly affected the anthocyanin stability, colour density and turbidity formation in both SCN and SN during 168 and 42 days of storage at 20°C, respectively. When maltose syrup is used as a sweetener, the stabilities at 20°C of cyd-3-glu-rut and cyd-3-rut, which are the major anthocyanins in SCN, increased. Thus, maltose syrup should be preferred for the highest anthocyanin stability in SCN. Different from SCN, honey provided the highest stabilities for both pg-3-glu, which is the major anthocyanin in SN, and cyd-3-glu in SN. Moreover, at the end of storage, the highest A max and k max values as well as the highest stabilities of colour density and monomeric anthocyanins were determined in SN sweetened with honey. All results showed that honey had copigmentation effect on anthocyanins in SN. As compared with sucrose and maltose syrup, honey caused a decrease in the content of cyd-3-glu before storage. This was probably due to the copigmentation between copigments in honey and cyd-3-glu in SN before storage. However, further studies are needed to explain which copigments in honey reacted with anthocyanins in SN. Although turbidity values of both nectars sweetened with honey were very high (79-158 NTU), honey should be preferred as a sweetener in SN to increase the anthocyanin stability and colour density. As known, turbidity is not a significant quality criteria for SN produced from purée.
